OBJECTIVE
We present new results on the associations between parental ages and other maternal characteristics on the one hand, and congenital anomalies on the other, using linked data from three Czech registries on mothers, newborns, and malformations, for the period 2000-2007.
METHODS
As the variables are in a categorical format, binary logistic regression is used in order to investigate the relationship between the presence/absence of a congenital anomaly for each of the 11 types of anomalies considered, and for the set of predictors.
Introduction
In recent decades, all developed countries have experienced a considerable decline in fertility, with most now having total fertility rates below two children per woman. In addition, in most developed countries the average age at which both men and women have children has increased significantly (Mathews and Hamilton 2009). While a large number of studies have examined the consequences of low fertility levels, much less has been written about the possible effects of late childbearing. Various studies in epidemiology and in demography have, however, shown that late childbearing could have deleterious effects on infant survival and health, and that late parenthood likely increases the frequency of congenital anomalies (see, e.g., Gourbin 2005; EUROCAT 2009 ). The literature also suggests that various other characteristics of the mother may have effects on the incidence of congenital anomalies. While the role played by maternal age at childbearing in the occurrence of Down syndrome has been widely recognised since the 1930s, less is known about the effects factors in addition to the ages of the parents at the birth of the child may contribute to congenital anomalies, including multiplicity of birth, and, for the mother, having had a previous live birth, a previous perinatal 8 death of a child, or a previous miscarriage. Other factors include the mother's education, socio-economic status, and marital status; as well as whether the mother is obese, suffers from diabetes or rheumatoid arthritis, smokes, drinks alcohol, lacks folic acid, has used assisted reproductive technologies (ART 9 ) to become pregnant, or has other genetic factors. These characteristics should be taken into account, when possible, in the analysis of the putative risk factors of congenital anomalies. They may also have confounding effects on the relationship between parental ages and congenital anomalies.
In a case-control surveillance of congenital anomalies using the Hungarian Congenital Abnormalities Register, Vandresse et al. (2008) have shown that, after controlling for a series of other parental characteristics, both maternal age and paternal age have independent effects on the risk of congenital anomalies. Parents older than age 40 have an increased risk of giving birth to a child with a congenital anomaly. An analysis of some specific congenital anomalies indicates that maternal age (35 and older) is a well-known risk factor in the incidence of Down syndrome, and that paternal age (40 and older) is a risk factor in the incidence of congenital anomalies of the circulatory system and of oral clefts. The epidemiologic literature dealing with the effects of the ages of both parents on congenital anomalies more or less confirms these results. In one study (Bille et al. 2005) , both a high maternal age and a high paternal age were found to be associated with the occurrence of cleft lip with or without cleft palate, while a higher paternal age, but not a higher maternal age, was shown to increase the risk of having a child with cleft palate only. A Norwegian study confirmed the effect of the father's age, but not of the mother's age, on the incidence of cleft palate (Harville et al. 2007 ). In another study (Materna-Kiryluk et al. 2009 ), advanced maternal and paternal ages were both shown to be independently associated with congenital heart defects; furthermore, a higher paternal age was found to be positively associated with the incidence of cleft palate and cleft lip. Similar effects of older paternal ages were found by Yang et al. (2007) in the USA.
Congenital anomalies are rather rare at birth. The total occurrence of malformations of the foetus is, of course, much higher, but many affected pregnancies are aborted spontaneously, especially during the first trimester of pregnancy (Simpson and Carson 1993) , and voluntary terminations of pregnancy may be performed if an anomaly of the foetus is detected. Excluding the well-known relationship between maternal age and Down syndrome, results regarding the impact of parental ages on congenital anomalies tend to vary from study to study. Some non-significant results might simply be due to the small number of cases available in the datasets, while larger sets might show significant correlations. The results could also depend upon which factors are controlled for or whether the occurrence of an anomaly is contrasted with cases without anomalies, as it is the case with odds and odds ratios, or against all cases, as with probabilities or frequencies. In order to check the stability of the results, it is necessary to replicate research concerning the possible impact of parental ages on congenital anomalies using large datasets, and taking other parental characteristics into account, as we are doing in the present study.
The aim of this paper is to test the following assumptions using the unique dataset at our disposal. Based on our background knowledge, we postulate that, in the case of the Czech Republic, both the mother's and the father's ages at childbearing can have independent effects on the incidence of congenital anomalies among live births. We also postulate for live births that the mother's age alone will be associated with chromosomal anomalies, and that both the mother's and the father's ages can be correlated with non-chromosomal anomalies. Finally, we examine to what extent other characteristics of the mother are associated with congenital anomalies, as various maternal characteristics have been shown to be related to birth defects in other studies.
Data
To our knowledge, very few large, reliable databases currently exist that are suitable for investigating this topic, as to conduct such studies it is necessary to compare children born with and without a congenital anomaly, and to take into account various parental characteristics. One such dataset is, however, available in the Czech Republic. It was developed at the Institute of Health Information and Statistics of the Czech Republic by linking data from three national registries-namely, the registers on mothers, newborns, and malformations-using the personal national identification number of the mother. The data collection goes beyond the usual vital statistics, as it also provides information on health. However, information concerning the father is limited.
The data are taken from three individual forms: the report on the mother (Zpráva o rodičce), the report on the newborn (Zpráva o novorozenci), and the congenital malformation of a foetus or a child (Vrozená vada plodu nebo dítěte). The first two forms are gathered and processed by the Institute of Health Information and Statistics (ÚZIS). The report on the mother is filled in by the obstetrician immediately after delivery. In case of a delivery outside a hospital, the form must be completed by the medical worker who assisted during or after the delivery. Reporting is mandatory by law. Anamnestic information is copied from the pregnancy file, with the data being established during pregnancy by the attending gynaecologist. The report on the newborn is completed by the neonatologist just after delivery. Reporting is also mandatory. The content of the third form is reported in the register on congenital malformations. The latter includes all cases detected up to the age of 15, and the data are reported by the medical doctor who diagnosed the malformation. The registration of malformations started on 1 January 1964, and is obligatory. Since1 January 1996, the registration has been based on a new extended form and includes foetuses diagnosed with a congenital malformation, spontaneous abortions weighing more than 500 grams with a diagnosed malformation, stillbirths, live births, and detected cases up to the age of 15. The registration covers all congenital malformations listed in ICD 10-Chapter XVII (Congenital malformations, deformations and chromosomal abnormalities: Q00-Q99). Detailed information concerning congenital malformations can be found in Czech at http://www.uzis.cz/registry-nzis/nrvv.
The maximum number of registered malformations allowed per case is eight. The date of a diagnosis is reported by year, month, and day. When a malformation is diagnosed before delivery (i.e., prenatal diagnosis), the week of gestation is reported in addition to the date. The data are collected and entered into the national registration system (NZIS), which is also operated and supervised by the Institute of Health Information and Statistics. Therefore, all of the statistical information used in this study is processed within the same Institute, following the same technical rules. Children with only one anomaly represented 78.2% of the cases in our dataset, with the rest (21.8%) being children with more than one anomaly. In our analysis, we have used only the first reported malformation in cases of multiple anomalies.
10 For all of the children with one or more anomalies, in 63.4% of the cases the first reported anomaly was detected just after delivery (at zero completed days), in 25.9% of the cases it was detected within one to six completed days after delivery, in 2.1% of the cases it was detected prenatally, and in 8.6% of the cases it was detected later in life. Abortions are not included in our dataset. However, the information related to abortions performed because of a diagnosed malformation is available in a yearbook on abortions (Potraty) published by the Institute of Health Information and Statistics. In the period under study, 2000-2007, only 3.5% abortions (1443) of all the abortions for medical reasons were due to malformations.
The three datasets, which cover the period 2000-2007, were linked using the personal identification number of the mother at the Czech Institute of Health Information and Statistics. From the total number of live births (788434) The age of the father was unknown in 92331 cases, and in 1715 cases the father was either younger than age 15 or older than age 69; in total, 94046 cases were deleted. In addition, 296 cases were deleted because the mother's age was unknown or was over 50 (seven cases). However, all groups of fathers (of unknown age, known age, and age outside the interval of 15-69) for whom the mother's age was known displayed almost the same mean age of mothers and incidence of congenital malformations. For fathers with a known age between 15 and 69, the mother's mean age was 27.7, and congenital anomalies were reported in 3.7% of the cases. For the group in which the father's age was unknown, the corresponding values were, respectively, 27.3 years and 3.7%; and for the group in which the father's age was outside the age group 15-69, the values were, respectively, 27.9 years and 3.1%. The relative age distributions of mothers when the father's age was known and when the father's age was unknown are very similar (data not shown).
We have also compared cases in which the father's age was unknown to cases in which the father's age was known to have been between 15 to 69, based on the mother's educational attainment and marital status. There were more cases in which the father's age was unknown among women with a basic education only and among women who were single.
11 However, we found that the percentage of anomalies was very similar between the two groups (unknown and known father's age) when we considered the various educational and marital status categories.
Mother's education and mother's marital status were also not reported in some cases. The mother's education was unknown in 20386 cases, her marital status was unknown in 1595 cases, and there were 988 unlinked records due to other incomplete observations. The occurrence of a congenital anomaly was reported twice in the linked file, from the newborn register and from the congenital malformation register. The 365 cases in which the anomaly was reported at birth but not later in the congenital malformation register were deleted. In addition, one case was deleted because the child's sex was unknown. In total, 117669 cases were deleted from the original dataset of 788434 live births. However, the frequency of congenital anomalies remained at 3.7% when the original dataset (29166/788434) was compared with our working dataset (25006/670765). The mean mother's age was 27.7 (standard deviation 4.6) and the mean father's age was 31.2 (standard deviation 5.9) in our final dataset.
The total group of congenital anomalies for the period considered has been subdivided into 11 groups of anomalies coded according to ICD 10 (WHO, 1992) , taking into account the type of anomaly. The groups of congenital anomalies, ranked according to their frequency, are shown in Table 1 . We can see that, as expected, the number of anomalies was rather small for most groups. Only live births with an anomaly of the circulatory system exceeded 1% of all live births. In the present study, we examined only the possible predictors (presented in Section 2) that were available in the dataset, and the characteristics that were sufficiently frequent. For example, alcohol intake was poorly reported, and therefore was not included in the analysis. We took into account the following parental characteristics: the ages of both of the parents at the birth of the child, multiplicity of birth, and, for the mother, having had a previous live birth, having had a previous perinatal death of a child, having had a miscarriage, education 12 , marital status, having diabetes 13 , and being a smoker 14 . The frequency distributions of live births with and without anomalies over all categories of the covariates are given in Annex Table 2 of the Supplementary Material.
Methods
We have specified all of the covariates as categorical variables as follows (reference category in bold): mother's age (12-19, 20-24, 25-29, 30-34, 35-39, 40-44, 45-49 ), father's age (15-19, 20-24, 25-29, 30-34, 35-39, 40-44, 45-69 ), mother's education (basic, vocational, secondary, university), mother's marital status (single, married, divorced and widowed), multiple birth (1, 2+), previous miscarriage (0, 1, 2+), previous perinatal death (no, yes), previous live birth (0, 1, 2+), mother's diabetes (none, gestational, pre-existent), and mother's smoking (no, yes). We have contrasted other modalities as well, but as the global picture does not change, the results will not be presented. The age groupings considered are in five-year intervals over the fertile period, except for young mothers (12 to 19) and older fathers (45 to 69). The latter grouping was chosen because of the small number of births that occur at these ages, and the former grouping was chosen because female fertility is not observed before 12 years of age.
Binary logistic regression 15 analysis was used in a main effects model in order to investigate the relationship between the presence/absence of a congenital anomaly, for each type of anomaly considered, and for the set of explanatory variables listed above.
The evaluation of the overall model (in which the proposed logistic model was compared to an intercept-only model) was conducted using three inferential statistical tests: the likelihood ratio, the score, and Wald tests. The three tests showed that all of the logistic models are more effective than the null model (intercept-only model), as might be expected given that such a large dataset is bound to contain some bogus correlations. More interestingly, the goodness of fit of the logistic models against actual outcomes was tested using the Hosmer-Lemeshow (H-L) inferential goodness-of-fit test (Hosmer and Lemeshow 2000) . The tests showed that the hypothesis that the model is a good fit for the data is tenable, although it should be remembered that models are schematic representations of the unknown relationships between the data, and that these actual relationships may differ from their model representation. Finally, the statistical significance of individual regression coefficients, transformed into odds ratios (OR), has been tested using the Wald chi-square statistic, and is reported for each variable in Annex Tables 3a to 3k published as Supplementary Material in the columns headed Pr>ChiSq.
The possible presence of interactions between the two parental ages has also been examined, although the interactions are particularly difficult to interpret in the case of logistic models and other non-linear models (Ai and Norton, 2003) . Following de la Rochebrochard and Thonneau (2002), we have also constructed a single variable, -couple age,‖ with couples composed of a woman and a man, both aged 20-29, forming the reference group. As in the paper by de la Rochebrochard and Thonneau, the ages of the mother and father are cross-classified according to the following age classes: 20-29, 30-34, 35-44 for the mother; and 20-29, 30-34, 35-39, 40-64 for the father. In a similar vein, we considered the age difference between parents (by five-year age groups) instead of paternal age, and in addition to the mother's age. In this latter model, we were able to avoid the high correlation between parental ages. The covariates other than parental ages were simultaneously included in all of these models. These approaches took into account to a large extent the age homogamy between spouses and the colinearity between the father's and the mother's ages.
Results
The model with the maternal age and the age difference between the parents gave almost the same results as the model that took into account the ages of both the mother and the father. The same was true of the model combining the mother's and the father's ages at childbearing. We therefore decided to focus primarily on the results of the main effects model that deals with both parental ages for each of the anomalies considered.
As the effects of parental ages have been highlighted in the literature, we first examined their possible impact on congenital anomalies, controlling for the other covariates (Table 2) . We then focused the analysis on the associations between each group of congenital anomalies and the other characteristics of the mother, controlling for parental ages (Table 3 ). The impact of each variable on a group of congenital anomalies, which can be seen in Tables 2 and 3 , is shown only for statistically significant odds ratios (taken here as p ≤ 0.050 16 ; 95% Wald confidence intervals included). It is important to note that -significant‖ is not the same as -meaningful‖, for example, an odds ratio (OR) of 1.1 might be statistically significant, but it is not very meaningful, as the odds ratio is close to one. The results presented in the Supplementary  Material Tables 3a to 3k show the logistic regression outputs for all age categories, regardless of the significance level.
We observed that, controlling for the father's age and for the other covariates, the mother's age had an effect on circulatory system anomalies, with the risk (i.e., OR) increasing slightly with age. In the case of musculoskeletal anomalies, the opposite trend was observed; i.e., the risk decreased as the mother's age increased; the ORs were, however, close to one. A higher risk was also seen for younger fathers (aged 20-24). The occurrence of congenital non-neoplastic naevus was lower among older mothers, but the confidence interval was wide. For cleft lip and cleft palate, higher odds were seen among younger mothers and among fathers aged 35-39 years. The odds ratios were particularly high for Down syndrome and for other chromosomal anomalies in the case of older mothers, primarily after the age of 40, and especially after age 45. However, for the age group 35-39, the odds were three times higher than for mothers aged 25-29. We found no evidence that the father's age had an impact on either group of chromosomal anomalies (Down syndrome and other chromosomal anomalies), but it appears to have been the only age factor for the group -all other congenital anomalies.‖ All of the ORs relating to the father's age were, however, rather low (i.e., < 1.4). These results were obtained regardless of whether all live births or only singletons were taken into account (results not shown). The potential interactions between parental ages were generally not found to be statistically significant (results not shown). An interaction effect was, however, found between very young mothers aged 12-19 and much older fathers (aged 35 and older) for musculoskeletal, genital, and urinary anomalies. In each of these cases, the odds ratios were significantly greater than one.
We also examined the effect of the other maternal characteristics, controlling for parental ages (Table 3 , significant contrasts only: p ≤ 0.050). Congenital non-neoplastic naevus and other chromosomal anomalies (excluding Down syndrome) were not included in Table 3 , as only the age of the parents had an impact on these anomalies. Once again, almost the same results were obtained regardless of whether all live births or only singletons were taken into account (results not shown).
Women with lower levels of education were shown to be more likely than those with higher levels of education to deliver a child with Down syndrome (the odds were 1.9 times higher for women with a basic level of education than for those with secondary education), or with an anomaly of the nervous system (1.7), of the lip and palate (cleft) (1.5), and of the eye (1.3). In addition, lower education of the mother was shown to be statistically significant in the case of all other congenital anomalies, and of those of the circulatory and musculoskeletal systems. The mother's marital status had a slight impact on the occurrence of all other congenital anomalies (the odds were 1.2 higher for divorced and widowed women than for married women) and of the musculoskeletal system (1.1). However, being divorced or widowed was associated with a lower risk of giving birth to a child with Down syndrome than being married (0.6). Table 2 . Controls: age of mother at childbearing, age of father at childbearing.
The fact that a birth was multiple had an important effect on the incidence of anomalies of the circulatory system (the odds were 2.0 times higher than for a singleton birth), urinary (1.9), and nervous (1.9) systems. A weaker but statistically significant effect was seen in the case of all other congenital anomalies (1.3) and of the genital organs (1.2). The likely influence of the mother's previous reproductive history was shown by the impact of previous miscarriage, perinatal death, or previous live birth. Experiencing two or more previous miscarriages was associated with particularly high odds of delivering a child with an anomaly of the eye (1.8) and-to a lesser degree-of the musculoskeletal system (1.2). Experiencing only one previous miscarriage had a statistically significant but rather weak impact on all of the other congenital anomalies (1.2) and of those of the circulatory system (1.1). The occurrence of a previous perinatal death was associated with a rather high OR (1.5) in the case of circulatory system anomalies. By contrast, having had a previous live birth might be considered a rather good predictor for a successful subsequent pregnancy, even though we lack information about anomalies in the previous child. This hypothesis was supported for anomalies of the genital organs (the odds ratio was 1.2 when nulliparous women were compared to primiparous women), of the musculoskeletal system (1.2), and of the circulatory system (1.1). Pre-existent diabetes was an important risk factor for anomalies of the urinary system (2.7), and circulatory system (2.4), but gestational diabetes appears to have been a (rather slight) protective factor for musculoskeletal anomalies (0.7). The impact of the mother's smoking was detected only in the case of anomalies of the circulatory system (the odds ratio was 1.2 higher for smokers).
Discussion and conclusion
The findings on the impact of parental ages at childbearing on the incidence of congenital anomalies vary somewhat from study to study; for example, while most studies have found no effect of the father's age on Down syndrome, a few studies have shown an effect (e.g., Stene et al. 1977; Stene et al.1981) . This is probably because the number of children born with a congenital anomaly is small compared to the number of children born without such abnormalities, and because the ages of the mother and the father tend to be strongly correlated.
Concerning chromosomal anomalies, our analysis confirmed our assumption that the mother's age, but not the father's, has an effect on the incidence of Down syndrome. The impact of a higher mother's age on other chromosomal anomalies was also found to be strong, as we initially hypothesised. It is possible that the relationship found in some other studies between the father's age and Down syndrome was spurious, due to a residual correlation between parental ages, even when the mother's age is controlled for . Paternal age was also not shown to be associated with other chromosomal anomalies, which confirmed our initial hypothesis as well. However, a study published recently in Nature, which looked at autosomal chromosomes only, showed that the diversity in the mutation rate of single nucleotide polymorphisms is dominated by the age of the father at the conception of the child (Kong et al. 2012 ). Thus, the study found that men transmit a much higher number of mutations to their children than women. Furthermore, the age of the father was identified as the dominant factor in determining the number of de novo mutations in the child. The relationship between paternal age at childbearing and chromosomal anomalies thus remains an open question.
Children born of younger mothers were, on the other hand, found to be more at risk of having a cleft lip or palate. Other studies have shown that older, rather than younger, mothers are more at risk of having children with cleft (e.g., Bille et al. 2005 ). However, a higher risk among mothers under age 20 than among those aged 25-29 has been reported in the literature (Croen and Shaw 1995) . The minor birth defect related to congenital non-neoplastic naevus is an interesting case. The relative risk of this defect occurring is very low among older mothers (OR = 0.25; p = 0.017). This benign malformation can become a malignant melanoma (Bataille et al. 1996) . Because our data come from the congenital anomaly register only, we do not know whether the frequency of the malignant form (melanoma) is higher in children born to older mothers. If so, the low odds ratio for congenital non-neoplastic naevus could derive from a selection effect; i.e., older mothers would be more likely to deliver children with a malignant melanoma, and therefore fewer cases of a congenital non-neoplastic naevus would be observed, as the malignant melanoma cases are not registered in our data source. Congenital non-neoplastic naevus is a relatively frequent anomaly, and it should therefore be compared to the incidence of melanoma from the cancer incidence register.
Turning now to the impact of the other maternal characteristics on congenital anomalies, as presented in Table 3 , we note that the effect of maternal education on congenital anomalies has been found elsewhere (Olesen et al. 2009 ). In particular, an effect on Down syndrome has been observed for California (Dzúrová and Pikhart 2005) . The authors of this study attribute this educational gradient to selective impacts of maternity care, prenatal diagnosis, elective termination, and the acceptance of prenatal diagnostic measures. More generally, better educated women are usually more informed on health matters, have better life styles, and have greater access to the health care system and prenatal diagnosis than less educated women.
According to our results, marital status was not strongly associated with congenital anomalies, except in the case of Down syndrome. For the latter, children of divorced and widowed women had a lower risk than married women. This could be because women who are divorced or widowed are less likely to be living in a stable partnership, and are thus less prepared to raise a disabled child. These women might be more likely to have a prenatal diagnosis and an abortion, either because they do not want to have a child at all, or to have a child with Down syndrome. Unfortunately, the Czech published data on induced abortions do not give combined information on marital status and medical reasons for having an abortion, such as a diagnosis of Down syndrome.
In our study, multiplicity of birth was found to be a risk factor for several congenital malformations, such as those of the circulatory, urinary, and nervous systems. These results are in agreement with those of a large international study, which showed that multiplicity of birth has an impact on most congenital malformations (Mastroiacovo et al. 1999) . It would be interesting to distinguish between monozygote and heterozygote twins, as has been suggested by some studies (Pharoah et al. 2009) .
Looking now at the other covariates, we found that a previous perinatal death was associated with an increased risk of having a child with a malformation of the circulatory system. It would be useful to know the cause of previous perinatal deaths, but this information is unavailable in our dataset. The presence of a pre-existing diabetes is a well-known risk factor of various congenital anomalies (Inzucchi 1999) . In the present study, we found an impact on the circulatory system and on the urinary system. Regarding the effect of gestational diabetes (GD), the following issues arose. While GD first occurred during pregnancy among some women, other women might have been suffering from undiagnosed diabetes before pregnancy. These two subpopulations present different risks of congenital malformations, but we cannot distinguish between these two groups here. Furthermore, for true GD, hyperglycemia could have had differing effects according to the duration of pregnancy at which the condition occurred; i.e., at which stage of the organogenesis of the embryo/foetus. Once again, the data are lacking. It would also be helpful to know more about the quality of the prenatal care. We cannot explain the protective effect found here on musculoskeletal anomalies. Could it be spurious? Several limitations of this study have to be stressed. First, the data refer to live births only. Second, due to missing data, such as the age of the father, a series of cases were dropped from the analysis. It is difficult to know whether this biases the results, although, as was pointed out in Section 3, our tests did not show major differences in the frequency of the incidence of anomalies between, for example, the group in which the father's age was unknown, and the group in which the father's age was known. Third, various possible determinants of congenital anomalies that have been pointed out in the literature-such as folic acid intake, obesity, alcohol consumption, and genetic factors-are either not included in the Czech registers or are poorly reported, and therefore could not be taken into account in this study. For example, although alcohol intake is considered a potential cause of various birth defects, because it was not reported often, this variable was not included in the analysis. There is also no information on folic acid intake, maternal obesity, or rheumatoid arthritis. Some studies have found that the use of ART may affect the incidence of congenital anomalies, such as malformations of the genital organs after intracytoplasmic sperm injection (ICSI). Some anomalies may also be due to the use of ovulation-inducing drugs (Santos et al. 2010) . The use of ART has nevertheless been dropped from our analysis, as the information given by the respondents is too crude (solely yes or no), is less reliable, and is most likely under-estimated. Finally, while a significant percentage of congenital anomalies are of a genetic origin, the possible association between ageing, genetic conditions, and congenital anomalies cannot be examined with the present database. We should, however, note that factors such as alcohol consumption and obesity are often strongly related to education; controlling for the latter, as we have done, might take the former into account to some extent. This correlation between education and various latent behavioural determinants might also explain why education appears to be a possible factor in several groups of congenital anomalies.
In conclusion, this research has confirmed once again, on the basis of a large dataset, that women of higher ages are more likely to have children with Down syndrome or other chromosomal anomalies. Paternal age was not found to be associated with chromosomal anomalies. In this Czech population, paternal age had only a slight effect on some of the congenital anomalies examined. An interesting finding of the present study is that a range of other maternal characteristics may have an impact on congenital malformations, which confirms some results in the literature. In particular, several biological factors-such as having diabetes, multiplicity of birth, having a previous child who died perinatally-were found to be associated with some congenital anomalies. In terms of socio-economic variables, the education of the mother was found to be associated with Down syndrome in our dataset, and also with the risk of cleft and of malformations of the nervous system. Of course, some of our findings might be due to chance.
It should be remembered, however, that statistical analysis detects only correlations between parental characteristics and congenital anomalies, and that correlation is not causation, especially in observational studies. Following the arguments developed by, for example, Mouchart, Russo, and Wunsch (2010) , putative risk factors can be tentatively proposed if they are based, to the best of current knowledge, on a plausible and suitably tested explanatory mechanism, and the known confounders, both explicit and latent, are controlled for. Results should also be stable across studies. Unknown confounders may of course still play havoc with the results; this issue is of particular importance when using logistic regression, as odds ratios not only reflect the effects of the variables considered, but also unobserved heterogeneity (Allison 1999; Mood 2010) . Unfortunately, as EUROCAT (2009) has stressed, -in the majority of individual cases of congenital anomaly, the cause of the condition is unknown, but suspected to be an interaction of multiple environmental and genetic factors.‖ Plausible mechanisms of action are still to be discovered for several of the birth defects examined in this paper.
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